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ABSTRACT.  Many students, perhaps even the majority of students during the 
compulsory years of schooling, are seen as having significant difficulties in 
understanding the concepts of science. However my most recent research in 
science pedagogy suggests that the dynamics of science classrooms may alienate 
students before they have a chance to even begin to engage with the concepts and 
may continue to impede the development of positive motivational beliefs. This 
paper reviews a set of research studies in science education by using theory from 
cognitive and humanistic psychology. It explores problems with conceptual 
change, cognitive engagement, motivation, and self-directed learning, in relation 
to the psychosocial learning environment. It concludes that there are ways to 
engage most students so that they willingly begin to develop their scientific 
literacy. It recommends explicitly addressing student epistemological beliefs 
which affect intellectual engagement in science classes by changing the nature of 
the teacher-student interpersonal relationship. 
 
My recent research in science education has looked at the basis for science learning from both 
psychological and sociocultural perspectives, resulting in theory which supports a holistic 
approach to learning science. My findings relate to two main areas. Firstly, engagement in 
learning seems to be related to the nature of the teacher-student interpersonal relationship, 
and, secondly, learning seems to be enhanced by addressing how this relationship is played 
out in terms of language practice, especially when there are significant sociocultural 
differences between the teacher and class. This led me to conclude that three sets of factors 
were highly interrelated in learning: psychological, cognitive, and sociocultural factors, and 
that the teaching and learning of science could best be enhanced by taking account of all three 
sets of factors. This first of three papers approaches the topic of motivating engagement in 
science from a psychological perspective, and more specifically, from a humanist cognitive 
approach.  
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The Psychosocial Learning Environment 
While looking at learning as an individualistic endeavour and keeping the focus to on 
individual cognition, I have constructed a (partial) explanation for unsatisfactory learning 
in science, using a cross-disciplinary body of literature. This includes theories and 
research relating to adult literacy teaching, to second language learning, and to cognitive 
and clinical psychology. Taken as a whole, the literature seemed to suggest that deep 
learning and change depend to a significant extent on the nature of interpersonal 
relationships in the classroom, and motivational factors associated with particular 
epistemological beliefs, and that these needed more research in the science education 
context.  
As a result my research became focused on the teacher-student interpersonal relationship 
and how to change related dysfunctional motivational beliefs. After early studies 
exploring several science education contexts, I collaborated with a teacher of a Year 8 
science class in trialing a new way of interacting with students which resulted in a more 
democratic and generally improved psychosocial learning environment. In the process I 
also had as some new insights into the nature of the communication problems associated 
with typical science classroom discourse.  
When I first began reading in the science education literature, I became interested in the 
problem of misconceptions, as it was initially called, or of conceptual change, as the 
larger issue was framed (e.g., Posner, Strike, Hewson & Gertzog’s seminal paper, 1982). 
Lack of transfer of learning seemed to be a major problem. It seemed to me very wasteful 
that students could learn at school in a way which meant that, even though they were 
successful in examinations, they did not have a deep enough understanding of the 
principles of science to apply them in other situations. I believed that students needed to 
be helped to use deeper approaches to learning so that they could access at least some of 
their knowledge outside the science classroom context.  
Some very useful research had already been done in this area. For example, research 
begun at Monash University by Baird and colleagues (e.g., Baird, 1986; Baird, Fensham, 
Gunstone & White, 1991; Baird & Mitchell, 1986; Baird & Northfield, 1992) provided 
evidence that metacognition was something that could be facilitated in science (and other) 
classrooms with very encouraging results in terms of students achieving a deeper 
understanding of science concepts. During the same period, new approaches to teaching 
and learning science in England (e.g., Driver, 1988; Solomon, 1989), in New Zealand 
(e.g., Osborne & Freyberg, 1985), and, later, in the United States (e.g., Tobin & Tippins, 
1993) similarly promised better learning outcomes. 
However taking into account other literature and my experience in other disciplines, I 
suspected that something important for learning was still lacking in approaches based on a 
constructivist epistemology, as well as more traditional approaches. Some motivational 
variables (including cultural factors) were not being addressed sufficiently (cf. Collins, 
Brown & Newman, 1989; Pintrich, Marx & Boyle, 1993; Watts & Bentley, 1987). Only a 
limited proportion of students could profit from the use of such teaching and learning 
approaches, which were largely logico-deductive and assumed, if not particular prior 
knowledge, then a particular mind-set. These tended to be students who, because of their 
background, were already inducted into a scientific culture to the extent of having similar 
goals, similar ways of approaching the material world, and similar ways of using 
language. Others, who did not already have these cultural resources, seemed destined to 
become confused, disempowered or alienated (Fensham, Corrigan & Malcolm, 1989; 
Lemke, 1990; Tobias, 1990). Hence many science curricula seemed to be enacted for the 
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benefit of a minority of students who would go on to specialise in science, and to neglect 
the interests of the majority who would not.  
Feminists had pointed out how girls were disadvantaged by traditional curricula and 
stressed the importance of emphasizing “the personal or social dimensions of scientific 
knowledge” for effective science teaching for girls (Parker, 1992, p. 29). However, with 
one or two exceptions, feelings about the learning process itself in science were not 
explicitly recognised as needing to be addressed for effective science teaching for all 
students. Instead, in many situations, those students who did not already have positive 
beliefs and feelings about their science classes were more likely to be blamed, shamed or 
ignored (Hanrahan, 1998; Watts & Bentley, 1987). This seemed to me to be most likely to 
happen during the compulsory years of schools, particularly at the junior secondary level. 
Hence, I became interested in the issue of alienation from general science for the majority 
of students, and in exploring ways of teaching and learning science that would make it 
meaningful and useful for them. Part of the problem seemed to me to be related to the way 
that learning science has typically been seen by science teachers as a purely rational 
exercise. There seemed to be an assumption that students were best taught by impersonal 
presentation and discussion (whether by the teacher or peers) of the scientific concepts 
and theories, backed up by experience in practical experiments. The rationality assumed 
to be involved in learning science—even when peer discussion was used to help students 
construct or reconstruct their thinking—was thus a purely logico-deductive rationality, 
with feelings being seen as irrelevant to the process. 
Broadening the Notion of Learning as a Rational Process 
I am not advocating including the irrational in science, but I would like to argue for a 
broader understanding of rationality and hence of what is worthy of being included in the 
science curriculum. Since the initial stages of my research in science education, I have 
insisted on having beliefs about the self and emotional experiences included as objects of 
metacognition, along with the more usual focus (in metalearning) on cognitive strategies 
and executive processes. This was justified to some extent by the literature about 
metacognition. A necessary part of successful learning, it seemed, was having positive 
motivational beliefs which would give one sufficient hope to mobilise knowledge which 
might otherwise remain inert (Borkowski, Carr, Rellinger & Pressley, 1990; Paris and 
Winograd, 1990).  
And yet, the practice of science teaching as I had generally experienced it seemed to 
imply that learning was, on the whole, an intellectual pursuit, that is, it could be achieved 
by guiding students through a succession of logical steps, generally regardless of their 
beliefs about themselves, about the world, or even about learning, and regardless of how 
they felt. After all, it was a "content area" subject. It seems that either it was assumed that 
students would (or should) present themselves already in possession of the appropriate 
frameworks of meaning and attitudes which would make learning science both desirable 
and apparently achievable, or else such qualities were considered irrelevant, unnecessary, 
or perhaps impossible for teachers to influence. Teaching seemed to be considered merely 
a technical problem of finding the most efficient way of helping willing students take in 
new knowledge, or the most logical way of structuring the learning process so that 
students would understand the concepts. Boud (1988) described this as a "training and 
efficiency" approach which treated teaching and learning as though they were a 
technology. He pointed out that it was based on "an assumption of common priorities 
among learners" (p. 228). 
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The conceptual change literature seemed generally to take attitudes into account, with 
Posner et al. (1982) suggesting that the preconditions for conceptual change were 
individual attitudinal factors based on intellectual reasoning: dissatisfaction with prior 
conceptions–which they noted was very difficult to induce in students–and then accepting 
new conceptions as all three of intelligible, plausible, and fruitful (see also Fensham, 
Gunstone & White, 1994). Yet much research showed that conceptual change was 
difficult to achieve by relying on teacher-led intellectual processes since "alternative 
conceptions" seem to have the characteristics of strong beliefs resistant to change, even in 
the face of apparently conflicting evidence (e.g. White and Gunstone, 1989; White, 1993).  
Researchers at Monash University, especially those associated with the PEEL project 
(Project for Enhancing Effective Learning), recognised the importance of student 
ownership of problems, and stressed the importance of metacognitive strategies in 
allowing students to become more independent learners (e.g., Baird & Mitchell, 1986; 
Baird & Northfield, 1992; Fensham, Gunstone & White, 1994; Gunstone, 1992; White, 
1993). Learning here was seen largely as a personal and individual process, enabled or 
limited by beliefs and attitudes held by students–though classroom practices aimed to 
achieve it could include (whole or small) group discussion. Social constructivist 
approaches to learning (e.g., Driver, 1988; Solomon, 1989) had a similar focus on student-
centred learning but had a more explicit social focus on peer and teacher-led discussion to 
promote change in students' scientific conceptions. The researchers in both groups 
acknowledged what might be called "non-cognitive" or social factors in learning, yet, as 
Claxton (1989) argues they still seemed to advocate what can be seen as largely cognitive 
or intellectual approaches to promoting conceptual change. 
Pintrich et al. (1993) criticised what they called an "overly rational model of conceptual 
change" (p. 167). They presented a model which showed that the Posner et al. (1982) 
conditions for conceptual change were particular states of mind in the student which 
depended on both internal and external factors. They depended firstly on motivational as 
well as cognitive factors, but they also depended on achieving states of mind which were 
constrained by classroom contextual factors such as task structures (how authentic and 
challenging tasks were) and authority structures (how much choice students had). Pintrich 
et al. recommended, among other things, that secondary students in science classes be 
given the opportunity to experience authentic (personally meaningful) and challenging 
tasks, and to have an optimal level of choice. 
Comparing Science Pedagogy With Adult Learning Theory 
My choice of what I did in my research was based in part on what I had learnt from 
another educational situation which was at the opposite ends of the spectrum with regard 
to how much choice students had and how personally meaningful learning was for them. 
Because I want to highlight in what respects my research differed from what has been 
done before in both constructivist and more traditional approaches to science teaching, I 
will briefly compare the two educational systems I am referring to: secondary science 
education generally, and adult literacy teaching as I experienced it. 
A common, but surprising, assumption of secondary school science teaching (and much 
tertiary teaching) is that students have the same goals and priorities for learning as their 
teachers: that is, teachers can generally take for granted that students want to learn what 
they want to teach them. Consequently, there is little curriculum negotiation and this is 
not seen as likely to cause problems in learning. The only problem which is thought to 
remain is how best to structure the material and activities to achieve these common goals. 
Students who do not want to learn what is being taught are seen as deviants for whom one 
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has to make some allowance, rather than as the norm for whom the curriculum should be 
adapted. By contrast, in adult literacy teaching, the clients—who have a wide variety of 
interests and needs and who have usually been unsuccessful at school and/or have 
dropped out—are more likely to be seen as demoralised and generally as not having much 
faith in either themselves or in formal educational processes, and therefore as being 
unmotivated to participate in learning. The different assumptions in these two systems 
result in two widely different approaches to curriculum design, which I believe have 
differing outcomes in terms of motivational beliefs. And yet the adult population that I 
was dealing with were generally products of the secondary science system, albeit at the 
lower end academically.  
Autonomy and Choice in the Curriculum   
Even before I began my PhD or was involved in adult education, my academic 
background had primed me to consider autonomy, choice and interpersonal relationships 
as important factors in conceptual change learning (though I would not have used that 
term). My prior studies provided some evidence for a theory that beliefs and their 
associated emotions made a difference to how well one learnt. Various psychology 
courses I had studied had dealt with concepts such as self-efficacy, affirmation, 
attribution, learned helplessness and depression, and had convinced me that human 
rationality and functionality depended considerably on the presence of positive beliefs and 
feelings. Research I had done during my previous degree had provided evidence that 
students used qualitatively different learning strategies for subjects (units) which differed 
according to whether they were considered desirable or were being completed only 
because they were compulsory. Personal interest and/or a feeling of autonomy seemed to 
influence how students actually went about processing new knowledge.  
In secondary science, the curriculum is generally treated as not being negotiable (e.g., 
McRobbie & Tobin, 1995), and not of particular relevance or interest to the majority of 
students (cf. Fensham, 1998), although constructivist classrooms and Science-
Technology-Society curricula provide some exceptions (Aikenhead, 1996). In contrast, 
influenced by Carl Rogers, facilitators in community adult literacy education generally 
prefer to focus more on their students' needs and interests, and to structure the curriculum 
around these, giving their students many choices in both content and process (cf. Boud, 
1987; 1988).  
In relation to both cases, it could be argued that students, at such a low level of expertise, 
cannot know in advance what is good for them, and there is obviously some merit in that 
argument. Consequently, it is interesting to note the way this problem is handled in adult 
literacy by teachers who often prefer to see themselves as "facilitators" (Boud, 1987). 
Students may feel disempowered in relation to educational processes to the extent that 
they may not even be able to acknowledge or express their needs, because they are 
constrained by their earlier negative experiences (Boud, 1988). However, such facilitators 
do not then automatically take over the responsibility for student learning. Instead they 
make it an important part of the facilitation process to provide as much support and 
respect as is necessary to give students the confidence to start trusting their own judgment 
again and to begin taking responsibility for their own learning processes. Part of this 
support consists in affirming the students' own experience, by responding empathetically 
to their expressed feelings, attitudes, and values (Boud, 1988). 
It should be noted that this can be found in the secondary science scene, but there it is the 
exception rather than the rule. In the PEEL classes where there seemed to be the most 
success in getting students to take responsibility for their own learning, building trust and 
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showing respect for the students' ideas was stressed as a necessary component of the 
process (e.g., Mitchell, 1992). Yet this is generally not theorised to the same extent as it is 
in the adult learning literature, but rather is presented as part of a collection of strategies 
which together were successful in encouraging autonomous learning in students. Or it is 
seen as an art (Baird & Northfield, 1992) which must be linked to the science of what is 
known about metacognition, rather than as a unitary package, in which learning is seen as 
inseparable from relationships and identity. (However, see Gunstone, 1992, who 
demonstrated how the parts–metacognition, group collaboration in learning, non-cognitive 
factors such as perceptions and feeling, experience as necessary, the personal construction 
of meaning–were all necessarily interrelated).  
In my teaching (and learning) experiences in the adult literacy environment, both formal 
and informal, much of the energy and motivation for learning was assumed–and found–to 
come from a conscious decision on the part of the learner to value what was being 
learned. This took such forms as (negotiated) learning contracts, negotiation of the 
curriculum generally, and regular reflections by students' on their progress towards their 
personal goals. After this, I found I could not comfortably return to seeing secondary 
students as having no right to participate in deciding the curriculum, whether that be the 
topics and sub-topics studied, classroom activities, or how they approached learning. For 
me, this seemed to be in direct conflict with a goal of developing self-directed learners 
who would undertake metacognitive strategies which would help them to learn for 
understanding. 
The Political Learning Environment 
I want also to highlight another difference that I found between a typical approach to 
secondary science teaching and a humanist approach to adult literacy teaching. This 
aspect of classroom management was directly related to how much autonomy and choice 
students had in relation to the curriculum, but I believe it deserves a separate mention. It 
was to do with the power relationship between teachers and students. After seeing the 
impressive effect of affirming learners' rights to their own judgements of their own 
experience, I found it difficult to accept that the generally undemocratic and at times 
outright authoritarian ethos in most secondary schools, would enhance the learning 
environment. For me, disaffirming how students might experience the curriculum, for 
example, by refusing to listen to any expression of negative opinions or feelings, was 
likely to lead to either increased passivity or passive resistance (cf. Lloyd, 1990), both of 
which are likely to lead to less self-regulation of learning. 
The evidence I had at this stage of the importance of the interpersonal relationship 
between the teacher and student in terms of power and trust–as it was perceived by the 
student–was supported by other qualitative and quantitative research. Researchers such as 
Watts and Bentley (1987), on the basis of an interview study of science students, had 
argued for the importance of "a non-threatening learning environment" to support a 
conceptual change learning environment. They wrote:  
In any environment the very act of learning is an emotional affair. … Learning brings 
with it a range of possible emotions from delight to fear, from satisfaction to 
frustration and despair....the act of self-exposure of well held, or even tentative, 
personally constructed ideas and beliefs can be a daunting task and--in certain 
inhospitable circumstances--quite counter productive. Minstrell (1982), for example, 
suggests that for conceptual development to take place within a school situation there 
needs to be an `engaging, free thinking, free speaking social context...one in which 
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students will put their thoughts up for consideration, free from fear of being chastised 
for being `wrong.' 
We would add that it might also need to be free of ridicule, supportive and empathetic 
of individuals needs and emotions. (p. 123) 
A more recent qualitative study (Loughran & Northfield, 1996) also found that 
interpersonal factors such as trust and respect were an important part of the classroom 
dynamics and hence of learning in the classroom researched. Loughran and Northfield 
(1996) found that trust and consent were essential for satisfactory participation in 
activities which required students to be independent learners. The development of trust is 
linked with the fact that the teacher in their case was also the class's "home group" teacher 
as well as being their mathematics and science teacher. He participated in activities, such 
as the one (reported on 24th March) which allowed the class participants and teachers to 
recognise and value each other's personal qualities, "as people who are occupying the 
roles of teacher and student" (emphasis added), which, they add, is a point that "is often 
overlooked" (p. 111).  
The many survey studies of learning environment factors over the years have also given 
considerable support to the hypothesis that the quality of student learning is related to the 
interpersonal learning environment, as perceived by students (e.g., Brekelmanns & 
Wubbels, 1992; Waldrip & Fisher, 2001). Brekelmanns & Wubbels concluded that 
outcomes were related to how teachers were rated by students on the two dimensions of 
dominance and proximity:  
The more dominant the teacher behaviour, the higher the cognitive outcomes, the 
more cooperative the behaviour displayed by the teacher, the higher the affective 
outcomes. `Repressive' teachers had the highest cognitive outcomes, but lower 
affective outcomes;' tolerant, directive, or authoritative teachers had good outcomes 
on both measures; uncertain teachers had poor results on both sets of outcomes. 
(Brekelmanns & Wubbels, 1992, p. 28) 
Waldrip & Fisher (2001) used the Australian version of the Questionnaire on Teacher 
Interaction (QTI) developed by Fisher, Fraser & Wubbels (1993) to compare the result of 
exemplary and non-exemplary science teachers in terms of their interaction style and both 
cognitive and affective outcomes. Waldrip & Fisher related their findings to teaching 
approaches based on constructivist principles, but the relationship factors reported are not 
ones that are necessarily made explicit in constructivist principles, since the “better 
teachers could be identified as those whose students' perceptions were more than one 
standard deviation below the mean on the Uncertainty, Dissatisfied and Admonishing 
scales.” (p. 15) The latter two of these three scales were described as “Dissatisfied: the 
extent to which the teacher expresses dissatisfaction, looks unhappy, criticizes and waits 
for silence” and “Admonishing: the extent to which the teacher gets angry, express 
irritation and anger, forbids and punishes.” (p. 6) The teachers could be described as being 
more affirming in the way they relate to students, not something that has been made 
explicit in constructivist approaches but certainly something that is likely to be helpful to 
support students as they take the risks involved in exposing their prior knowledge or 
ignorance while constructing their own learning. 
  
Because of this, these factors are often to be found in association with teaching 
approaches based on constructivist principles. However, they are distinct from it. 
Constructivism, whether cognitive or social, does not specify affective or relationships 
variables as part of the theory. If the latter are necessary and yet are not made explicit, 
then the theory needs to be expanded for cases where they will otherwise not be present, 
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for example in non-middle-class learning environments. Would the exemplary teachers 
surveyed in Waldrip and Fisher’s (2001) necessarily mention such factors when asked to 
explain how they taught science? However, if these factors are not seen explicitly as an 
important part of good science teaching generally, they risk being seen as of secondary 
importance and therefore as being ignored or dismissed by many teachers, policy makers, 
science education lecturers, and curriculum designers. There is also the possibility that the 
relationship variables, rather than an approach based on a constructivist epistemology, is 
responsible for the positive affective outcomes. And in the Brekelmanns and Wubbels 
study referred to above, cognitive outcomes were seen to be highest in the absence of 
positive relationship variables. However, I argue in my other (ASERA ’02) paper that 
scientific literacy involves being both able and willing to engage with science, and hence 
a high cognitive outcomes in the absence of positive attitudes would not be seen as very 
useful for students in the long run.  
Hence I believed that affirmation of the students' experience of the curriculum should be 
included if one wanted to develop self-confidence and trust in students. This would apply 
whether the student’s experience was positive or negative, as not acknowledging negative 
experiences would undermine students’ confidence to make judgments on their own 
behalf and discourage them from being honest about their thinking processes, both of 
which would be necessary as part of self-regulation of learning. Hence active participation 
was more likely when students felt that their own experience of the curriculum was being 
taken into account (Baird & Northfield, 1992; Lloyd, 1990; Mitchell, 1992). By contrast, 
teaching which was principally designed for those with the appropriate prior knowledge 
and interests, and which disaffirmed those who had differing views, would discourage 
such active participation by all students. This is turn could inadvertently favour those who 
were already advantaged, and disadvantage the rest. The following section will now 
address my own research based on this body of theory and experience. 
My Findings 
My beliefs about the importance of autonomy and an affirming teacher-students 
relationship based on my argument above have been deepened and strengthened in the 
course of my research in science education. It has borne out the importance of positive 
feelings and motivational beliefs in learning, and suggests that the teacher-student 
interpersonal relationship is strongly implicated in the level of student engagement in 
learning.  
My first classroom observation experience (Hanrahan, 1998) led me to conclude that two 
factors which influenced how committed students felt to learning in their Biology class 
were: whether they felt personally affirmed or not, and how much say they had in what 
went on in class. Even though the majority of students were studying Biology out of 
intrinsic rather than extrinsic interest, students who felt disaffirmed or who had no say in 
the curriculum seemed to be less enthusiastic about contributing to the class. In general, I 
found that as long as students' agendas were treated as secondary, they seemed to find it 
an effort to concentrate in class. This led to a second study in which I sought to test the 
relationship between motivational factors and science students’ levels of intellectual 
engagement.  
Given a background in psychological statistical analysis, I decided at this point to 
construct a survey to attempt to test the hypothesised relationship between such variables. 
The result was the SALGO (Survey of Apparent Learning Goal Orientation) survey study 
of several science workshop class groups in a preservice Education unit (Hanrahan, 1994). 
The findings from this study supported the hypothesis that students who believed that the 
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teacher treated them equitably and supported autonomous thinking, were more likely to 
describe themselves as using strategies which could be found in a deep approach to 
learning (learning for understanding). The factor analysis of the survey results had 
resulted in three interrelated factors: Personal Empowerment (the extent to which the 
teacher in this class is perceived as showing regard for the student), Teacher Support for 
Autonomy in Thinking (the extent to which the student feels free to express personal 
thinking about scientific concepts), and Deep Approach to Learning (the extent to which a 
student believes he/she must actively construct his/her own knowledge). Perceptions of 
teacher-student interpersonal factors were found to be related to students' perceptions of 
their epistemological beliefs and actions. Besides showing some variation within classes, 
students differed between workshop classes taken by different lecturers, and these 
differences were related to whether or not the class was taught by a teacher using an 
approach consistent with a constructivist epistemology. Students of the latter type of 
workshop lecturer generally perceived themselves as being more empowered to think for 
themselves and also showed signs of deeper engagement with their learning. 
However, these findings have to be heavily qualified by the limitations of the research 
method employed. It was pleasing to find that my theory of the importance of how 
students perceived their psychosocial environment was not disconfirmed, but there were 
many factors and possible interactions between factors, which made it difficult to decide 
what was the best explanation of my findings. I realised that given the interaction between 
multiple factors that existed in any social situation such as a classroom, any quasi-
experimental method was likely to have such limitations and so I turned back to 
qualitative methods, to explore further the place of beliefs and feelings in learning and 
how the learning environment affected them. Since I was interested in explaining which 
classroom environment factors facilitated or prevented students from becoming more 
engaged in learning, I decided that prolonged, qualitative study was needed. And because 
I wanted my research to be collaborative research with a classroom teacher so that my 
theory would be in direct dialogue with practical realities, I further decided this research 
need to be action research. The logical next step was to explore ways of changing that 
relationship which might have a positive effect on students' engagement in learning, and 
to explore that change in terms of students' "motivational beliefs" (cf. Pintrich et al., 
1993). 
Given the apparent importance of the teacher-students relationship, and in particular, of an 
affirming environment, affirmational dialogue journal writing was used. It was intended 
as a way for the teacher and researcher to demonstrate to students that their voices could 
be heard and respected, and their feelings taken into account. The effect of this was 
explored in an action research study, The students were invited to write about their 
experience of learning science, including their feelings, and each diary entry was replied 
to affirmingly by the researcher or the teacher. The students generally seemed to 
appreciate the opportunity to be treated as persons who deserved to be taken seriously, 
regardless of the problems they were having in science. A non-blaming response to their 
difficulties seemed to be a real novelty for them and one student commented that they 
should have something similar in all subjects where they were having difficulty 
(Hanrahan, 1999), as students in their first semester of high school. There seemed to be 
great relief generally in being able to express what they were feeling to someone who 
seemed to empathise with them rather than blame them. This gives some idea of how 
restrained students feel about expressing their own thoughts and feelings, something that I 
imagine would carry over into a hesitancy about freely talking about their prior 
knowledge in a science class. 
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As well as the journal writing activities, I retrospectively relabelled the student group 
interviews as a second affirming intervention, since these taped interviews seemed to have 
a similarly affirming effect—in spite of the fact that their original purpose was simply to 
collect data. Both interventions allowed students to begin to voice their concerns and have 
some of their more urgent needs met, including the need simply to be heard in their 
difficulties. Being able to contribute to the curriculum, even in this minor way, seemed to 
lead to a more equitable dynamic and a better classroom climate for the students. Most 
students engaged willingly in classroom activities for the duration of the research, this in 
spite of the fact that they were more generally known in the school as a class with very 
poor general literacy skills and attendant problem behaviours. This outcome also meant 
that they were better able to engage in the activities we designed to demystify the 
language of the science classroom (Hanrahan, 2001), which is part of the evidence 
analysed in my second ASERA 2002 paper, which addresses sociocultural and language 
issues related to intellectual engagement. 
Taken together, the research findings from the studies summarised in this paper converge 
to provide strong evidence that what are often seen as non-rational factors–such as being 
treated with respect, invited to contribute one's own ideas, and take control of one’s own 
learning to some extent–can have a significant impact on student engagement in learning. 
This could be compared with Loughran and Northfield's (1996) finding that trust and 
consent were essential for satisfactory participation in activities which required students 
to be independent learners. The teacher in that case obviously had a keen personal interest 
in the welfare of each of his students, and how they experienced his classes, and engaged 
in real dialogue with them, which makes his situation similar to the dialogue journal 
writing part of our action research study. This is different from science classes where the 
teacher only sees the students for science classes and gets little chance to see them in 
other roles. Such teachers get little chance to get to know the students as people with their 
own agendas and needs, or to learn their real motivations for their classroom behaviour, 
which was the situation for my host teacher before we began to use dialogue journal 
writing. 
These results could still be classified as having an impact on motivation only, that is, as 
being a precondition for learning rather than part of the cognitive processes themselves. 
However, this distinction seems to me to be somewhat arbitrary, separating off one part of 
cognition from the whole process, the kind of distinction which impedes researchers and 
teachers from fully appreciating the integral part that values and attitudes play in 
successful learning. Motivation and engagement are not pre-conditions for learning, they 
are part of the intellectual process itself. As the conceptual change literature showed, 
limiting the definition of learning to include only logical processes, flies in the face of 
evidence that deep "conceptual change" is more akin to belief change, a process which 
initially produces resistance and is only achieved over time with conscious effort (cf. 
White, 1993). Loughran and Northfield (1996) have argued that the students in their 
research study would only consent to engage in the independent thinking necessary to 
achieve such change when several personal and environmental factors coincided and were 
favourable. These factors included the students' goals, their beliefs about themselves and 
about the value of the subject-matter being taught, and certain interpersonal learning 
environment factors, such as trust. If this is the case, then these factors need to have a 
significant place in the secondary science curriculum. This is especially the case when 
science is compulsory and is intended for all students to improve their scientific literacy 
so that, as adults, they can better cope with an increasingly complex world, and so that 
they can be citizens who can participate in decision-making which will affect their 
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communities or their own lives. (AAAS, 2000; Queensland School Curriculum Council, 
1999). 
Conclusion 
Both the literature reviewed and the findings from my research studies would seem to 
indicate that feelings and the role they play in motivational beliefs and interpersonal 
relationships are important for learning. In spite of an ethos that tends to discourage 
personal talk and personal experience, this seems to be just as true of learning in science 
as it is in other areas of the curriculum, and just as applicable to secondary as to primary 
education.  
The implications of this include a challenge to the traditional tendency to treat learning in 
science as largely a matter of logic. Where constructivism has influenced teaching, it 
seems that students’ feelings are generally treated with more respect, and an affirming 
environment is created in which to explore ideas and build on prior learning. However, if 
this is to generalise to a larger proportion of the science teaching community, it needs to 
be made explicit and publicly acknowledged as acceptable to challenge the current ethos 
of impersonality.  
Allowing a Place for Motivational Factors in the Curriculum   
Most people, including teachers, would agree that feelings and beliefs are important to 
motivation, but would see this as a separate issue from the issue of curriculum content. 
Fensham (1998) commented that science academics in the Victorian case studies about 
which he was writing, tended to resist any curriculum changes which exhibited anything 
other than "ascetic dourness", seeming to expect students to be motivated by "the inherent 
neatness and power of the conceptual structure of the empirical disciplines". Such 
"guardians" of the sciences apparently saw the evidence that many students found new 
courses very appealing and/or had negative attitudes towards subjects such as physics, as 
irrelevant information in deciding curriculum content. They preferred to see school 
learning as a purely logical activity, with knowledge being built up by the use of scientific 
reasoning, even while accepting, as Fensham points out, that in their own domains of 
research, research processes were much more complex, their results were much more 
provisional, and socioscientific issues needed more than scientific evidence for 
judgements to be made.  
Fensham (1998) suggested that these academics, even while seeing science as having 
socially constructed procedures, seemed to see themselves as having the responsibility to 
guard the reputation of science as being authoritative and separate from social processes. 
Such a belief, embodied in science curricula and textbooks, is then likely to influence 
teachers. Lemke (1990) commented on the fact that teachers generally seem to teach 
science as though it is "the way the world is" rather than as the currently accepted theory 
about the way the world is, or theory which is constantly being updated.  
Since many students cannot agree that this is the way the world is for them, the 
experience is an alienating one. If the curriculum as it is enacted in science classrooms 
implies that science is a series of abstractions unconnected to meaningful human issues, 
values, and experience, then one should not be surprised if students find it alienating. Not 
only is it out of touch with theories and practice which describe the conditions under 
which learning happens most successfully but practical considerations would seem to 
indicate that motivational factors be explicitly taken into account in relation to the science 
curriculum, including those outlined in this paper. 
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Equity Implications for Science Education 
An important point that follows from such a conclusion is that there are equity 
implications here. While the majority of some classes may find science disaffirming and 
impersonal, I believe that students who start off with positive feelings and attitudes about 
science, especially if they are also capable users of the language of science, experience a 
very different learning environment from that of students who do not have these 
advantages. Rather than experiencing the teaching as impersonal and abstract, the former 
are more likely to be treated with respect and friendliness, to make mistakes without being 
blamed or shamed, to find that what they are learning is related to their own experience—
which will have rich and generally positive associations for them—and to find that their 
interests and needs are being directly addressed by the teacher. By contrast those from a 
less advantaged background, may have none of these advantages and hence schooling 
only serves to increase their disadvantage. In a recent article (Hanrahan, 2002) I addressed 
the relationship between lack of motivation and curricula which are pitched at the level of 
comparatively advantaged students.  
Bourdieu (1974), criticised the institution of schooling in general for favouring 
students who bring with them significant “cultural capital”, including familiarity with 
middle class (“university”) ways of using language. He pointed out the unfairness of 
"treating all pupils, however unequal they may be in reality, as equal in rights and 
duties.” Bernstein (1990) similarly identified different preferred language codes for 
speakers from different social classes and pointed out that schools generally assume a 
middle class language code, which puts students from non-middle-class homes at a 
serious disadvantage, especially in large classes. 
Bernstein found that the “sequencing” and “pacing” rules generally applied in 
classrooms meant that students from lower socio-economic status backgrounds 
tended to receive in effect a relatively limited, fact-centred curriculum. Only students 
who, because of their prior knowledge and familiarity with the discourse of science, 
could move quickly through the concrete stage of new learning, had an opportunity to 
explore “relationships, processes, connections.” Such differences in the actual 
curriculum as students experience it could in turn affect student satisfaction and 
perceptions of relevance. Thus current curriculum practices could, in effect, be 
increasing rather than decreasing the disadvantage suffered by those from 
underprivileged backgrounds. 
My concern is that this inadvertently creates a situation where disadvantaged students are 
inadvertently set up to fail and then blamed for their lack of engagement with the 
curriculum. As Bernstein (1990) put it: 
Currently the visible pedagogy of the school is cheap to transmit because it is 
subsidized by the middle-class family and paid for by the alienation and failure of 
children of the disadvantaged classes and groups. (p. 78). 
In an era of mass education, it is not fair assume prior knowledge, skills and experience 
that many students lack, and then to disaffirm those who are not capable of succeeding. 
All students need to be helped to succeed, and this means creating a learning environment 
that is friendly towards all students, and provides the support needed to overcome 
difficulties, regardless of ability or sociocultural background. 
As I argued in Hanrahan (1999), successful engagement with science has much to do with 
teachers and students engaging each other in ways which are personally meaningful. 
These will promote better communication in the short term, and a better attitude towards 
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science and scientific problem solving in the longer term. This paper has dealt with the 
personal and interpersonal factors involved in good teaching and learning in the science 
classroom. My second ASERA02 paper deals with sociocultural factors involved in good 
communication—the social and cultural context, and in particular language. A third paper 
will integrate both sets of factors and present an approach to teaching and learning science 
which provides for both personal agency and for dealing with sociocultural disadvantage. 
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